Sorghum national average productivity in Ethiopia is 2.1 tons/ha which is far below the global average of 3.2 tons/ha due to the problem of drought, striga, insect pest (stalk borer, midge, and shoot fly),diseases (anthracnose and smut), soil fertility decline, inadequate adoption of existing improved varieties, lack of high yielding and good quality sorghum varieties. The Ethiopian government is pursuing a strategy of improving Sorghum productivity primarily through agricultural intensification, involving an increased use of inputs, including seeds of improved crop varieties and involved sorghum plant breeding since 1976 with different objectives and released many improved sorghum varities. However the yield performance, adoption intensity and adoption rate of the released sorghum varieties at regional and national level were not well studied. So this research intiated with the following objectives:  To summarize the trend of sorghum production and productivity in Ethiopia.  To asses performance of improved sorghum varieties yield and their level of adoption.  To evaluate factors that determines adoption of improved sorghum in Ethiopia. The assessment was also done using secondary data from different sources. So, as a conclusion to increase the adoption rate and intensity of the released sorghum varieties across their suitable agro ecology and based on the objective of the target improved sorghum varities at the time of variety registration, agricultural extension should be strength and linkage between the department of integrated crop improvement with socio economics and agricultural extension should be improved. With this at variety development farmers better to participate and include their selection criteria, interest, problem and increase adoption of the improved sorghum varieties. Socio economic, demographic and institutional factors also played negative impact on slow adoption of the improved sorghum varieties.
Introduction
Sorghum [Sorghum bicolor (L. ) Moench] is classified under the family Poaceae (grass family), tribe andropogoneae, genus bicolor, species bicolor (Stapf, 1917) . It the fifth most important staple food crop after wheat, rice, maize and barley (FAO, 2012) . The world average annual yield for sorghum was 1.37 tonnes per hectare in 2010. FAO reported the United States of America as the top sorghum producer with a harvest of 9.7 million tones followed by India, Nigeria, Sudan, and Ethiopia (FAOSTAT, 2011).The productivity of sorghum varies across the different parts of the world. Doggett (1988) suggested that sorghum was domesticated and originated in the northeast quadrant of Africa, most likely in the Ethiopian-Sudan border regions. The presence of wild and cultivated sorghums in Ethiopia reveals that Ethiopia is the primary centre of origin and centre of diversity (Mekibeb, 2009 ). Given the diversity of sorghum, studying genetic diversity (Ayana, 2001 ) and biochemical composition of sorghum germplasm from Ethiopia is very important for several reasons. The world average yield being 1314 kg/ha, and yield of developed countries is 3056 kg/ha and that of developing countries is 1127 kg/ha. The low productivity of sorghum in the developing countries can be attributed to biophysical, socio-economic and policy related factors affecting directly and indirectly sorghum production. One reason could be the low level of sorghum research investment in human, financial and material resources development and low input production system. Agriculture is a driver of the Ethiopian economy (FDRE, 2009 ). It is run by small holder majority who undertake subsistence mode of life. Despite its importance, agriculture suffers from low productivity. Crops are playing a significant role and it is believed that adoption of new agricultural technologies, such as high yielding varieties, could Citation: Kinfe H. Yield Performance and Adoption of Released Sorghum Varieties in Ethiopia (2018) Edelweiss Appli Sci Tech 2: 46-55 47 lead to significant increases in agricultural productivity and stimulate the transition from low productivity subsistence agriculture to a high productivity agro-industrial economy (World Bank, 2008) . Among others, seeds are critical determinants of agricultural productivity. Consequently, several improved crop varieties have been developed by the national and international research institutes and disseminated to the farmers through different programs and projects. The diverse crop varieties released that are under production in Ethiopia can be found in the Variety Register developed by the Ministry of Agriculture (MoA, 2012) . In sub-Saharan Africa, agricultural production is dominated by cereal-based systems, which are 97% rainfed (FAO, 1995) . Sorghum is the fourth primary staple food crop in Ethiopia after tef, maize, and wheat, both in area coverage, and production (CSA, 2012).
In the country cereals comprise 78.23% (8.8 million ha) of the field crops of which sorghum accounts for 14.41%. In Ethiopia sorghum is grown in almost all regions occupying an estimated total land area of 1.6 million ha (CSA, 2012). The major sorghum production regions of the country are Oromia at 38.5%, Amhara (32.9%), Tigray (14.1%), and Southern Nations and Nationalities People (S.N.N.P.) region (7.6%).Sorghum is usually grown in arid and semi-arid parts of the tropics and sub-tropics where it is affected by drought during various growth stages (Amjad et al. 2009 ). The growth and yield of Sorghum, one of the major crops in these dry land regions of Africa, is often limited by drought. In the dry land environments, drought is not only the result of limited annual rainfall, but is also due to the rainfall characteristics, mainly the delay in the onset and early cessation of the main rainfall. The damaging effect of a drought period depends on its duration, on how much water is stored in the soil and the proportion that the crop can access, and on the sensitivity of the crop development stage at that time. If agricultural systems are to be sustained in this region, the rain water and critical growth stages of crops need to be addressed simultaneously. Sorghum appears to have been domesticated in Ethiopia about 5000 years ago (Doggett, 1991) . Now sorghums are widely distributed throughout the tropics, sub tropics, and warm temperate areas of the world. According to the Central Statistics Authority of Ethiopia (CSA, 2008), sorghum ranks third after maize and tef in total production, after maize in yield per hectare and after tef and maize in area harvested. It accounts for 19 percent of the total cereal produced in the country and covering some about 20 percent of the total area under cereals. Sorghum production has significantly increased in recent years, from 1.7 million tonnes in 2004/05 to nearly 4.0 million in 2010/11(130 percent). The national average sorghum productivity in Ethiopia is 2.1 tons/ha (CSA, 2012) which is far below the global average of 3.2 tons/ha (FAO, 2005) . This is because of a number of factors. Several productions constraints were identified as in hindrance for sorghum production and productivity enhancement. The major constraints include drought, striga, insect pest (stalk borer, midge, and shoot fly),diseases(anthracnose and smut),soil fertility decline, inadequate adoption of existing improved varieties ,lack of high yielding and good quality sorghum varieties ,and post harvest management practices. Ethiopia has a diverse wealth of sorghum germplasm adapted to a range of altitudes and rainfall conditions. Of the five morphological races of sorghum (bicolor, guinea, caudatum, durra and kafir), all, except kafir, are grown in Ethiopia. Important traits reported from the Ethiopian sorghum include cold tolerance, drought resistance, resistance to sorghum shoot fly, disease and pest resistance, grain quality and resistance to grain mould, high sugar content in the stalks, and high lysine and protein content. In Ethiopia sorghum used for making injera, kitta, kollo and locally made beverages (such as Tela and Areke). Being an indigenous crop, tremendous amount of variability exists in the country. As a result, large number of accessions has been collected by the joint efforts of the Ethiopian Sorghum Improvement Project (ESIP) and the Institute of Biodiversity Conservation (IBC). Many of these accessions have been evaluated in the country and some were released as commercial cultivars for the highlands. Still others have been used in supplementing the germplasm base of the international and national agricultural systems around the globe. Gebrekidan (1973) elucidated the importance of the Ethiopian sorghum germplasm in the world collection. The Ethiopian Sorghum Research was incepted in 1957 by Alemaya University and then, sorghum breeding activities were done in the different ecological parts of the country by different national and international organizations (Institutes). Then Up to now more than 36 improved sorghum Varieties released and the collection, evaluation, characterization and conservation were one of the primary activities. Closer to 8000 indigenous collections were made (PGRC/E, 1986).
Various types of crossing programs were undertaken to solve sorghum production problems. Hence, the objectives of this study were to:  To summarize the trend of sorghum production and productivity in Ethiopia.  To asses performance of improved sorghum varieties yield and their level of adoption.

To evaluate factors that determines adoption of improved sorghum in Ethiopia.
Literature Review

Sorghum production and Productivity in Ethiopia
Sorghum is one of the major staple crops grown in the poorest and most food insecure regions of Ethiopia. The crop is typically produced under adverse conditions such as low input use and marginal lands. It is well adapted to a wide range of precipitation and temperature levels and is produced from sea level to above 2000 m.a.s.l (Fetene, 2011) . Its drought tolerance and adaptation attributes have made it the favourite crop in drier and marginal areas. Ethiopian is often regarded as the centre of domestication of sorghum because of the greatest genetic diversity in the country for both cultivated and wild forms (Fetene, 2011) . The large improvement in sorghum production is driven by both land expansion and yield improvement: yield increased from an average of 1.4 tonne/ha in 2004/05 to an average of 2.1 tonne/ha in 2010/11, increasing by 50 percent, while area under sorghum production increased by 51 percent (from 1.2 million ha in 2004/05 to 1.9 million ha in 2011. It should be noted that FAOSTAT yield and production figures during the period 2007 to 2011 are lower than the government. With this based on the report of (CSA, 2013) the production, area coverage and productivity increase in the last 15 and 10 years are presented in Table 1 And most of regions showed decrease in area expansion at the end of interval years and indicated the increase of sorghum production and productivity was due to genetic and agronomic improvement of the crop rather than area increase. Similarly, productivity of sorghum increased in most regions and highest in Afar (8.24 %) and followed by S.N.N.P (6.09%) and mean annual growth rate of 3.48%.While, some regions were low increase in yield/ha but their yield achievement was attained to the national sorghum productivity like Amhara, Tigray and Oromia regions as shown in Table 2 in the years of 2010/11 and 2011/12.
Sorghum is cultivated by nearly 4.5 million smallholders located in the eastern and northwest parts of the country shows Oromiya, Amhara and Tigray regions are the three major producers of sorghum covering 86.4% of the total area and 89% of the total production in the last nine years. There has been a steady expansion in area at a similar rate across the major sorghum regions at around 5% annually in terms of acreage and 7% in production. Sorghum yields in Ethiopia range close to 2 mt/ha at national level. Tigray and Amhara in the North have yield levels somewhat higher (2.1 and 2.2 mt/ha) ( 
Sorghum Research in Ethiopia
Breeding efforts have been directed towards developing high yielding, photo period insensitivity, abiotic and biotic stress resistant cultivars for adaptation to diverse agro climatic conditions. The discovery of dwarfing genes in sorghum has led to the development of several short statured sorghum hybrids, which are responsive to high input agriculture. Ethiopia, with one of the largest national agricultural research systems in Africa in terms of staff and budget, has been following an agricultural-led growth strategy for years (Weijenberg et.al., 1995) , with crop breeding for modern varieties a major focus of efforts. Due to the importance of sorghum in food security the government has allocated considerable resources to the breeding program (McGuire, 2005) . Approximately one million hectares are sown to sorghum, making it the third most important crop grown in the country and it is a major staple in the diet of the population -particularly the poor. significant part of the sorghum area and production. It is the variety Gambella-#1107 released in 1976. Despite its long existence in the market, Gambella-#1107 has only captured a small share in the 'moistlowland' variety mix. There are three groups of improved sorghum varieties for the 'dry lowlands', namely the first seven are OPV varieties with high yield potential, and the last two (ESH-1 and ESH-2) are hybrids with even higher yields, and finally three striga resistant varieties. However how much of the improved varieties adopted at farmers field and their adoption intensity and rate is not quantified. Even if there is no quantified data on impact of Improved Varieties (IVs), the majority of the farmers are growing Farmers' Varieties (FVs) in the three sorghum ecologies (Mekbib and Farley, 2000) . Not with standing this fact, formal breeding (FOB) is still continuing with the same objectives and strategy (EARO, 2000) . Similarly, farmers have been doing continuous selection and improvement of their varieties for years to meet their changing needs, climate and farming systems. As opposed to FOB, the varieties developed in the Farmer Breeding (FAB) have been well adopted by farmers and are being grown still. For the last half century variety development for lowland parts of Ethiopia has focused on the selection of early maturing varieties that can escape drought.
A number of early sorghum open-pollinated varieties were developed and released for these areas (Asfaw, 2007) . There are, however, disadvantages to early maturity. Cultivars that mature extremely early tend to be lower in yield because the plants have a shorter growth period to flower and store nutrients in the grain (Sleper and Poehlman, 2003) . So, currently in Ethiopia sorghum research increased even their adoption were not quantitatively evaluated Table 3.Based on table 3 improvement of sorghum nationally was increased with different objectives (early maturity, diseases and pest resistance, grain yield and quality, striga resistance, malt, stalk sugary, and stay greenness etc.) and targeted for different adaptation areas based on the classification of ethiopia agro ecological zones. With this until now the most potential contributor research centers are Melkassa National Agricultural Research center, Srinka Agricultural research center, Jimma Agricultural research center, Haromaya University and Sinana Agricultural Research center. Yield potential of the most improved sorghum varieties also good and attained above the yield national bench mark especially at the shortage of rain fall and drought incidence as relatively with farmer's varieties (Table 3) . . Similarly the improved varieties had least days to maturity than the local checks. Their plant height is shorter than zeri adiss. Grain yield performance ranged from 1429.2 kg/ha (Baji) to 3752.6 kg /ha (Macia), But in this location out of the candidate improved sorghum varieties nine varieties recorded least amount of yield than the zeri adiss. On the same way at Emba madre location all varieties except Geremew had least days to maturity as compared with zeri adiss. In plant height character, all the improved sorghum varieties recorded short plant stature and indicates those varieties contained root and stalk lodging resistant gene. While the traits of grain yield the improved varieties poorly performed than zeri adis and sheraro and mai anbessa locations as summarized in Table 4 . 
DM-Days
Yield performance of improved and local Sorghum
To date, it has been very difficult to determine the actual figure of improved sorghum grain yields versus local landrace sorghum varieties. Generally, evidence indicates that areas occupied by local landrace sorghum varieties are relatively larger than those occupied by improved sorghum varieties. Even if the yield performance of the released sorghum varieties over the local land races were not clearly studied, But as 
Adoption of Improved Sorghum Varieties in Ethiopia
Technology adoption: A more meaningful definition may be that a technology is asset of new ideas'. New ideas are associated with some degree of uncertainty and hence a lack of predict ability on their outcome. For a technology to impact on the economic system, blending into the normal routine of the intended economic system without upsetting the system's state of affairs is required. Technology as "the general knowledge or information that permits some tasks to be accomplished, some service rendered, or some products manufactured". Most technologies are therefore consequently termed 'labor-saving', 'time-saving', 'capital-saving' or 'energy-saving' and so forth. To economists this implies saving on resources that are scarce. Much scholarly interest on adoption falls in two categories: rate of adoption, and intensity of adoption. Adoption is defined as a mental process in which an individual passes through a series of stages from first hearing about an innovation, called an awareness stage, to collecting information about the technology's perceived benefits in terms of its profitability and fit into the farmer's operation, the evaluation stage. If the information is found to be adequate and the evaluation is positive, the farmer will experiment with the technology at a small scale called the trial stage before he/she moves to the final full-scale adoption stage (Rogers, 1962; cited in Feder, et aI., 1985) . In making a decision, farmers are assumed to weigh the consequences of adoption of an innovation against its economic, social and technical feasibility (Kebede, 1990) . Feder et al. (1985) distinguish between farm level and aggregate adoption of a technology and define farm level adoption as "the degree of use of a technology in long-run equilibrium when the farmer has full information about the new technology and its potential". Adoption is measured as the proportion of sorghum area under new sorghum cultivars and the proportion of cropland fertilized. The choice of the explanatory variables is guided by economic theory and the adoption literature. The explanatory variables can be broadly categorized into farmer and farm characteristics, technical factors and fanner perceptions of technology characteristics and weather risk.
Improved Sorghum varieties and their adoption
Sorghum experts from EIAR developed a list of sorghum varieties that includes all relevant varieties from the start of the National breeding program (1970s) until now (Table 6) . Relevant varieties are those that have been adopted at a commercially relevant level and with proper seed multiplication and maintenance in place. All those varieties that have been developed but never made it to the market have been set aside. The same holds true for the more recent and varieties under development that exhibit inferior traits compared to those that actively promoted and distributed. The Ethiopian extension service ESE, the research centers in Melkassa, Srinka and Fedis other public institutions like the OSE, and from private seed companies produced around 1,100 mt of improved seed. Over 7,700 mt are from private seed companies, the rest from public sources. 96 % of this seed are varieties for the dry lowlands and the rest for all other three AEZ groups. As in Table 6 indicated currently adoption of improved sorghum varieties in Ethiopia is too low and the predicted maximum adoption level percent is after 2-3 years and after 5-6 years will also start to decline their adoption level.
Begin of Research
Year of Release
Year of max. Table 7 : EIAR Assessment of Current Share of Improved Sorghum Varieties in Ethiopia. So, as the report of EIAR experts at the work shop of 2014 indicated the wide national adoption and share of sorghum improved varieties will increase with short periods and tried to justify the optimistic view and strong dynamic they expect in the further spread of improved varieties, because:  Government commitment/priority for sorghum as food security crop  Emerging of private seed companies  Emerging of commercial farms  Climate change that will shift the cultivation away from local late maturing to early maturing improved varieties  Improved seed and grain market for sorghum (for example the Ethiopian Commodity Exchange/ECX)  Further improvement in the formal and informal seed system
Determinants of adoptions
EIAR experts considered the official numbers as too low and recalculated the current adoption level based on their information on seed production from formal (extension and research centers) and informal sources (exchange between small scale farmers and replanting and commercial farms). The decision of whether to adopt modem varieties depends, among other things, on the physical characteristics of soils. Light and medium textured soils have low moisture retention capacity and thus shorter growing periods, with water moving out of the root zone quickly and therefore not available to the plant (Sanders and McMillan, 2001 ). On the other hand, heavy crusty vertisols have low infiltration capacity and are prone to water logging problems. Farmers who have soils with low water holding capacity are more likely to adopt early maturing varieties and other technologies that improve the water holding capacity of the soil such as manure. They may also avoid adopting inorganic fertilizers since they can be easily leached away. Because of their water logging problems vertisols may not be suitable to short cycle varieties whose yield can be negatively affected with excess water. However, the heavier soils are expected to have more pay off to fertilizer. Soil type is used as a control variable. A variety of studies are aimed at establishing factors underlying adoption of various technologies. As such, there is an extensive body of literature on the economic theory of technology adoption. Several factors have been found to affect adoption. These include government policies, technological change, market forces, environmental concerns, demographic factors, institutional factors and delivery mechanism. They include:
Farmers' Socio-demography Characteristics
According to Doss et al. (2003) , numerous studies of technologies adoption in developing countries have used farmers' socio-demography characteristics (e.g., household heads' gender, age, education, household size) to explain household adoption behaviours. A few of these studies report that the rate of technology adoption is higher among male-headed households, compared to female-headed households because of discrimination (i.e., women have less access to external inputs, services, and information due to socio-cultural values). Female farmers were much less involved in local administration and so was their participation in on-farm demonstration than their male counterparts. Significantly lower proportion of the female farmers used hired labor than the male farmer's s despite the fact that they have shortage of family labor, probably because they have smaller cash incomes. According to Feder et al. (1985) Feder et al. (1985) argue that yield performance (or expected yield of new varieties) is one of the characteristics of improved varieties that affect farmers' technological adoption behaviours. Several empirical studies show that the adoption rate of improved varieties is high, if the varieties meet farmers' expectations. An improved variety will be adopted at exceptionally high rates, if the new variety is technically and economically superior to local varieties. Improved varieties are technically superior if they produce higher yield to traditional varieties. The small area planted to the new cultivars indicates that farmers are still at the experimenting stage of the adoption process. On average only 9% of the sorghum area or 2 % of the total crop land is planted to the new sorghum cultivars. According the survey on farm level adoption of New sorghum cultivars on tahtay adiabo wereda, Tigray region, from 90 sample size farmers 61% of the farmers were non adopters due to lack of information. Farmers' participation in local administration was a significant variable in explaining adoption of the new sorghum cultivars. The variable was used as a proxy for access to information in place of the number of extension visits. The new cultivars were introduced relatively recently (1998 season) and many of the sampled non-adopter farmers didn't know that the cultivars existed. Both variables relating to farmers' perceptions, i.e. their perceptions of the technology characteristics and rainfall risk are significant variables explaining the adoption decisions. These results are consistent with the choice of the shallower soils for planting the varieties and avoidance of fertilizer use. If farmers tend to have higher subjective estimate of probability of rainfall failure, it would follow that they adopt early maturing and drought tolerant cultivars. These short season cultivars have yield advantages over the traditional cultivars principally in bad rainfall years and are used as a portfolio mix combined with the traditional cultivars. 
Farmer Perception of Characteristics of Technologies
Socio-economic characteristics of adopters and nonadopters of improved sorghum varieties
Based on the assessment of the adoption of improved sorghum varieties at awbre ,North western somalia showed, Out of the 180 households interviewed, 37.2% were adopters and 62.8% were non-adopters of improved sorghum varieties. Out of the adopters of improved sorghum varieties, 44 (65.7%) were literate or can read and write. This shows that adopters were more educated than nonadopters, and better educated farmers show better positive response to improved technology adoption. The existence of a literate in the household enhances the technology adoption, since the information delivered by members of the household to the household head is highly accepted than other sources of information, because of the trust that exists between them. The age structure of the sample farmers showed that the largest proportion of the respondents, 73% of the adopters were in the age group of 20 to 35 years and 75% of the non-adopters were above 35 years. Hence, younger farmers are more optimistic and risk takers to adopt new technologies whereas older farmers are pessimistic and resistant to change in their farming practices. This finding is similar with the study results of Million and Belay (2004) and Feleke and Zegeye (2006) . Hence, younger farmers are more optimistic and risk takers to adopt new technologies whereas older farmers are pessimistic and resistant to change in their farming practices.
Institutional Factors
Regarding the distance taken to travel from home to the nearest input market place, the sample farmers reported that they had to travel an average of 63.7 km (adopters 56 km and non-adopters 68 km). This shows that the adopters were nearer to the input market than the nonadopters by about 10 km. The nearest input market in the study area is Jijiga town. farmers far away from market centers are less likely to adopt improved sorghum varieties than those who are located near to input market centers. Tesfaye et al. (2001) , and Feleke and Zegeye (2006) have also reported similar findings from their respective similar studies. With regards to access to credit the percentage of those who had access to credit was higher for the adopters (68.7%) than for the non-adopters (34.5%).Only 25.4% of the adopters and 19.5% of the non-adopters had contact with extension agents.
Summary and Conclusion
The Ethiopian government is pursuing a strategy of improving agricultural productivity primarily through agricultural intensification, involving an increased use of inputs, including seeds of improved crop varieties (Byerlee et al., 2007; McGuire, 2005) . Considerable resources have been devoted to the development and dissemination of modern varieties (MV), however adoption rates have been low, and farmers maintain the use of landraces (LR) for many crops and in many areas of the country (Byerlee et al., 2007) . The reasons may be, the expected benefit of higher yields of the traditional varieties is larger than the improved varieties during years of moderate and good rains. According to farmers' own estimates, they expect moderate and good rains. This means that longer season varieties that respond better to the good rainfall and fertilization condition in those years increase the productivity and income of farmers. Additionally based on the farm level adoption of new sorghum varieties at different corners of ethiopia, a large number of influential farmers among the adopters pointed out unequal access of farmers to extension information as extension agents tend to choose to work with those "model" farmers at the neglect of others less influential farmers. Nearly half of the nonadopters reported that they were not aware of the existence of the improved sorghum such as Striga-resistant cultivars. Therefore, the extension program should work more on exposing the non-adopter farmers to the new technologies.
Farmers look for specific technology characteristics when making adoption decisions. The earliness and grain characteristics were the most desirable traits of the new cultivars sought by farmers. On the other hand, higher yields, larger biomass and thicker stalk for wind resistance were the qualities they preferred in the traditional varieties.
Varieties combining the desirable characteristics of higher grain and biomass yields of the traditional cultivars with Striga resistance quality could be more successful. But, currently even agricultural extension have less consideration, variety improvement and technology generation is selected as main national strategic for food security and agricultural growth. Then since few years number of released sorghum varieties that are developed based on different objectives increased nationally at different parts of the country. Some of the sorghum research nationally contributed agricultural research centers are Melkassa agricultural research centers, Srinka agricultural research center, Haromaya University, Jimma, Pawe and Humera agricultural research centers. However how much of the improved varieties adopted at farmers field and their adoption intensity not quantified clearly. So, as a conclusion to increase the adoption rate and intensity of the released sorghum varieties across their suitable agro ecology and based on the objective of the target improved sorghum varities at the time of variety registration, agricultural extension should be strength and linkage between the department of integrated crop improvement with socio economics and agricultural extension should be improved. With this at variety development farmers better to participate and include their selection criteria, interest, problem and increase adoption of the improved sorghum varieties.
Recommendations
Finally, to increase the adoption rate, intensity and utilization of the released sorghum varieties across their suitable agro ecology; the following points should be practiced further.  The service of extension agents and diffusion of improved in puts to the model and non-model farmers with their implementation should regularly monitored and follow-up the higher experts and agricultural extensionists.

Creating new markets for the new sorghum might accelerate the diffusion of the cultivars. For instance, in Humera the grain qualities of the new varieties were found desirable for making pastries and thus command a premium over the traditional cultivars.  If the current diffusion system is changed (instead of top down, to practical involvement of farmers) and relations with neighboring Eritrea are normalized and the road infrastructure to Sudan is improved, it might create export market opportunities and hence higher price incentives for farmers.  Continuous Surplus pure basic improved sorghum multiplier seed company in each regions is mandatory to feed the demand of farmers whose don't have access to road and since the purity of the improved seeds deteriorates over time by storage insect pests and improper seed selection, maintenance and seed replacement.  Thus in addition to stabilizing the yield and incomes of farmers during the bad years researchers have to generate new technologies to increase productivity during the moderate and good year in order to extricate farmers from subsistence farming and cycles of poverty.  Investors should establish a brewing industry at least in the sorghum potentials areas of the country This will encourage farmers to grow more sorghum and supply it to the nearby factory, as happened with the barley beer and cotton factory at Amhara region.
The government should create credit facilities for farmers to enable them invest in sorghum production and processing of highquality sorghum grain.  Training farmers and traders and other stakeholders on grain quality control and management should be increased.  Finally popularize and strengthening the principle of participatory agricultural development in technology development and adoption is the best choice for the fast tracking of agricultural development. Since, respecting voice of farmers and sharing their idea
